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[Title of the Invention] LIQUID CRYATAL DISPLAY PANEL AND

METHOD OF MANUFACTURING THE SAME

[Abstract]

[Object] There is provided a liquid crystal display panel

which can be formed by liquid crystal dropping method and a

method of manufacturing the same.

[Solving Means] A liquid crystal display panel comprises

a first transparent substrate 40, a second transparent

substrate 50 that faces the first transparent substrate40, a

sealing member 60 that surrounds a display region and

combines the first and second transparent substrates to form

a flat space 61 between the first and second transparent

substrates 40 and 50, a plurality of spacers 72 distributed

in the flat space61, each of the spacers 61 having a

particle shape, each of the spacers 72 being non-attached to

the first and second transparent substrates40 and 50, and

a liquid crystal 70 disposed in the flat space 61. Each of

the spacers 72 is not attached to the first and second

transparent substrates 40 and 50, so that the spacers 72

roll to prevent damage of alignment films 44 and 52, when

aligning the first and second transparent substrates 40 and

50.

[Claims]

[Claim 1] A liquid crystal display panel comprising:
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a first transparent substrate;

a second transparent substrate that faces the first

transparent substrate;

a sealing member that surrounds a display region and

combines the first and second transparent substrates to form

a flat space between the first and second transparent

substrates;

a plurality of spacers distributed in the flat space, each

of the spacers having a particle shape, each of the spacers

being non-attached to the first and second transparent

substrates; and

a liquid crystal disposed in the flat space, wherein each

of the spacers including resin having lower polarity than

that of hydrophilic resin such as polyacetic acid vinyl

based resin or polyvinyl alcohol based resin.

[Claim 2] A method of manufacturing a liquid crystal

display device, comprising:

heating liquid crystal at a temperature that is higher

than NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate, the display region being

surrounded by a sealing member having a frame shape; and

aligning a second transparent substrate with the first
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transparent substrate having the liquid crystal including

spacers distributed therein.

[Claim 3] A method of manufacturing a liquid crystal

display device, comprising:

heating liquid crystal at a temperature that is higher

than NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

heated first transparent substrate, the display region being

surrounded by a sealing member having a frame shape; and

aligning a second transparent substrate with the first

transparent substrate having the liquid crystal including

spacers distributed therein.

[Claim 4] A method of manufacturing a liquid crystal

display device, comprising:

heating liquid crystal at a temperature that is higher

than NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate that is heated at a temperature

higher than the NI point of liquid crystal, the display

region being surrounded by a sealing member having a frame

shape ; and
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aligning a second transparent substrate with the first

transparent substrate having the liquid crystal including

spacers distributed therein,

[Claim 5] A method of manufacturing a liquid crystal

display device^ comprising:

heating liquid crystal at a temperature that is higher

than NX point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate that is heated at a temperature

higher than the NI point of liquid crystal, the display

region being surrounded by a sealing member having a frame

shape;

tilting the first substrate that is heated at a

temperature higher than the NI point of liquid crystal and

having the liquid crystal including spacers distributed

therein, while applying supersonic waves thereto to

distribute the spacers uniformly throughout the display

region; and

aligning a second transparent substrate with the first

transparent substrate having the liquid crystal including

spacers distributed therein.

[Claim 6] A method of manufacturing a liquid crystal

display device, comprising:
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heating liquid crystal at a temperature that is higher

than NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate that is heated at a temperature

higher than the NI point of liquid crystal, the display

region being surrounded by a sealing member having a frame

shape;

disposing a second transparent substrate over the first

transparent substrate having the liquid crystal including

spacers distributed therein and moving the second substrate

along a rubbing direction of an alignment film to align the

first and the second substrates with each other.

[Claim 7] A method of manufacturing a liquid crystal

display device, comprising:

heating liquid crystal at a temperature that is higher

than NX point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate that is heated at a temperature

higher than the NI point of liquid crystal, the display

region being surrounded by a sealing member having a frame

shape;
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tilting the first substrate like a seesaw, which is heated

at a temperature higher than the NX point of liquid crystal

and having the liquid crystal including spacers distributed

therein, while applying supersonic waves thereto to

distribute the spacers uniformly throughout the display

region;

cooling the liquid crystal including spacers distributed

therein to a room temperature; and

disposing a second transparent substrate over the first

transparent substrate having the liquid crystal including

spacers distributed therein and moving the second substrate

along a rubbing direction of an alignment film to align the

first and the second substrates with each other under a

lowered pressure.

[Claim 8] A method of manufacturing a liquid crystal

display device, comprising:

heating liquid crystal at a temperature that is higher

than NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein;

dropping the liquid crystal onto a display region of a

first transparent substrate that is heated at a temperature

higher than the NI point of liquid crystal, the display

region being surrounded by a sealing member having a frame

shape in a heating room;
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tilting the first substrate like a seesaw, which is heated

at a temperature higher than the NI point of liquid crystal

and having the liquid crystal including spacers distributed

•therein, while applying supersonic waves thereto to

distribute the spacers uniformly throughout the display

region;

cooling the liquid crystal including spacers distributed

therein to a room temperature; and

disposing a second transparent substrate over the first

transparent substrate having the liquid crystal including

spacers distributed therein and moving the second substrate

along a rubbing direction of an alignment film to align the

first and the second substrates with each other in a vacuum

chamber.

[Detailed Description of the Invention]

[0001]

[Technical Field of the Invention]

The present invention relates to a liquid crystal

display panel and a method of manufacturing the liquid

crystal display panel, more particularly to a liquid crystal

display panel manufactured by a liquid crystal dropping

method, and a method of manufacturing the liquid crystal

display panel.

[0002]

[Description of the Related Art]
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Generally, a pair of transparent substrates is combined

with spacers interposed therebetween, and a space between

the pair of transparent substrate is sealed with an entrance.

The space is exhausted to be a vacuum, and the entrance is

dipped into liquid crystal, so that the liquid crystal flows

into the space due to a pressure difference. However,

according to the vacuum injection method described above, a

relatively long time is required to make the space between

the pair of transparent substrates to be a vacuum.

Therefore, productivity is lowered.

[0003]

In order to solve above-mentioned problems, a liquid

crystal dropping method is developed. According to the

liquid crystal dropping method, liquid crystal is dropped

onto one of the. pair of transparent substrate, and the other

transparent substrate is aligned and combined. Therefore,

time for forming liquid crystal layer is reduced to enhance

productivity.

[0004]

Fig. 9 shows a method of manufacturing a liquid crystal

display device according to according to a conventional

liquid crystal dropping method. Referring to FIGS. (A), (B)

,

a plurality of spacers 11 having particle shape is

distributed on a surface of a first transparent substrate 10,

and heated to fix the spacers 11 to the first transparent
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substrate 10 in order to prevent the spacers from being

concentrated when liquid crystal is distributed. Referring

to FIGS. (C) and (D) , a sealing member 13 having a

rectangular frame shape is formed on a second transparent

substrate 12, and liquid crystal is dropped onto the second

transparent substrate 12. Reference number 14 represents

liquid crystal dropped onto the second transparent substrate

12.

[0005]

Referring to Fig. (E) , the first transparent substrate

10 is disposed on a spacer plate 15, and the first trans

Substrate 10 supported by the spacer plate 15 is overlapped

with the second transparent substrate 12, and the first

transparent substrate 10 supported by the spacer plate 15 is

roughly aligned with the second transparent substrate 12,

and then the spacer plate 15 is extracted. Referring to Fig.

(F) , the first and second transparent substrates 10 and 12

are combined under a vacuum circumference. Referring to Fig.

(G) , the first and second substrates 10 and 12 is disposed

under atmospheric pressure to generate gap. Then, a

position of the first transparent substrate 10 is adjusted

along a surface-wise direction of the first transparent

substrate 10 by an alignment apparatus, and then the first

and second transparent substrates 10 and 12 are minutely

aligned by using an overlay mark 17 of the first transparent
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substrate 10 and an overlay mark 18 of the second

transparent substrate 12 as shown in Fig. (H)

.

[0006]

[Problems to be Solved by the Invention]

However, according to the conventional liquid crystal

dropping process, problems described below will occur.

As shown in Fig. 9(B), the spacers 11 are formed on

an alignment film 9 of the first transparent substrate 10,

so that the alignment film 9 may be damaged. When the

alignment film 9 is damaged, blots may be generated at the

damaged portion of the alignment film 9.

[0007]

The spacers 11 are formed on the first transparent

substrate 10. Therefore, when the first and second

transparent substrates 10 and 12 are aligned, the spacers 11

scratch the alignment film 20 of the second substrate 12 to

induce scratches 21 having a V-shaped cross-sectional shape.

Furthermore, a portion of the alignment film 20 may be

separated from the second transparent substrate 12. When

the TN mode liquid crystal display panel corresponds to a

normally white mode, a dark stripe is displayed at the

portion. When the TN mode liquid crystal display panel

corresponds to a normally black mode, a white stripe is

displayed at the portion.

The liquid crystal is dropped onto a the second
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transparent substrate 12 having room temperature. The

alignment film 20 includes polyimide that is hygroscopic.

Therefore, water vapor may be cohered at a portion of the

alignment film 20, where the liquid crystal is dropped. In

Fig. 11, reference numeral 25 represents the portion where

the liquid crystal is dropped and water vapor may be cohered.

Reference numeral 2 6 represents a portion where the liquid

crystal distributed (hereinafter, referred to as ^the other

portion' ) . A surface tension of the portion 25 of the

liquid crystal, the portion where water vapor is cohered, is

higher than other portion of the liquid crystal, so that a

pretilt angle 92 of the portion 25 becomes higher than a

pretilt angle 01 of the other portion 26. In other words,

liquid crystal is hydrophilic, so that the pretilt angle 62

of the portion 25 becomes higher than the pretilt angle 91

of the other portion 26. When the pretilt angle of the

liquid crystal becomes irregular throughout the region,

blotch may be generated. In other words, the blotch may be

generated between the region 25 where liquid crystal is

dropped, and the region 2 6 where liquid crystal is spread.

[0008]

As shown in FIGS. 9(A) through 9(D), a preparation

procedure performed, before assembling the first and second

transparent substrates 10 and 12. During the preparation

procedure, one of the first and second transparent
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substrates 10 and 12 may be damaged. When one of the first

and second transparent substrates 10 and 12 is damaged, a

dark stripe is displayed through a normally white and TN

mode liquid crystal display panel. Therefore, productivity

is lowered.

[0009]

Therefore, an object of the present invention is

providing a liquid crystal display panel capable of coping

above-mentioned problems, and a method of manufacturing the

liquid crystal display panel.

[0010]

[Means for Solving the Problems]

According to a liquid crystal display panel of claim 1,

the liquid crystal display panel comprises a first

transparent substrate, a second transparent substrate that

faces the first transparent substrate, a sealing member that

surrounds a display region and combines the first and second

transparent substrates to form a flat space between the

first and second transparent substrates, a plurality of

spacers distributed in the flat space, each of the spacers

having a particle shape, each of the spacers being non-

attached to the first and second transparent substrates, and

a liquid crystal disposed in the flat space. Each of the

spacers includes resin having lower polarity than that of

hydrophilic resin such as polyacetic acid vinyl based resin
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or polyvinyl alcohol based resin.

[0011] According to a method of claim 2 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a first transparent substrate, the display region being

surrounded by a sealing member having a frame shape, and

aligning a second transparent substrate with the first

transparent substrate having the liquid crystal including

spacers distributed therein.

[0012] According to a method of claim 3 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a heated first transparent substrate, the display region

being surrounded by a sealing member having a frame shape,

and aligning a second transparent substrate with the first

transparent substrate having the liquid crystal including

spacers distributed therein.

[0013] According to a method of claim 4 for

manufacturing a liquid crystal display device, the method
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comprises heating liquid crystal at a temperature that is

higher than NI point of liquid crystal, while stirring the

liquid crystal to form liquid crystal including spacers

distributed therein, dropping the liquid crystal onto a

display region of a first transparent substrate that is

heated at a temperature higher than the NI point of liquid

crystal, the display region being surrounded by a sealing

member having a frame shape, and aligning a second

transparent substrate with the first transparent substrate

having the liquid crystal including spacers distributed

therein.

[0014] According to a method of claim 5 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a first transparent substrate that is heated at a

temperature higher than the NI point of liquid crystal, the

display region being surrounded by a sealing member having a

frame shape, tilting the first substrate that is heated at a

temperature higher than the NI point of liquid crystal and

having the liquid crystal including spacers distributed

therein, while applying supersonic waves thereto to

distribute the spacers uniformly throughout the display



H09-026578.doc - 15 -

region, and aligning a second transparent substrate with the

first transparent substrate having the liquid crystal

including spacers distributed therein.

[0015] According to a method of claim 6 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a first transparent substrate that is heated at a

temperature higher than the NI point of liquid crystal, the

display region being surrounded by a sealing member having a

frame shape, disposing a second transparent substrate over

the first transparent substrate having the liquid crystal

including spacers distributed therein and moving the second

substrate along a rubbing direction of an alignment film to

align the first and the second substrates with each other.

[0016] According to a method of claim 7 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NI point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a first transparent substrate that is heated at a

temperature higher than the NI point of liquid crystal, the
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display region being surrounded by a sealing member having a

frame shape, tilting the first substrate like a seesaw,

which is heated at a temperature higher than the NX point of

liquid crystal and having the liquid crystal including

ispacers distributed therein, while applying supersonic waves

thereto to distribute the spacers uniformly throughout the

display region, cooling the liquid crystal including spacers

distributed therein to a room temperature, and disposing a

second transparent substrate over the first transparent

substrate having the liquid crystal including spacers

distributed therein and moving the second substrate along a

rubbing direction of an alignment film to align the first

and the second substrates with each other under a lowered

pressure

.

[0017] According to a method of claim 8 for manufacturing

a liquid crystal display device, the method comprises

heating liquid crystal at a temperature that is higher than

NX point of liquid crystal, while stirring the liquid

crystal to form liquid crystal including spacers distributed

therein, dropping the liquid crystal onto a display region

of a first transparent substrate that is heated at a

temperature higher than the NX point of liquid crystal, the

display region being surrounded by a sealing member having a

frame shape in a heating room, tilting the first substrate

like a seesaw, which is heated at a temperature higher than
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the NI point of liquid crystal and having the liquid crystal

including spacers distributed therein, while applying

supersonic waves thereto to distribute the spacers uniformly

throughout the display region, cooling the liquid crystal

including spacers distributed therein to a room temperature,

and disposing a second transparent substrate over the first

transparent substrate having the liquid crystal including

spacers distributed therein and moving the second substrate

along a rubbing direction of an alignment film to align the

first and the second substrates with each other in a vacuum

chamber.

[0018]

[Embodiments]

For conveniences, a liquid crystal display panel

manufactured by a method according to the present invention

will be explained referring to Fig. 1. In Fig. 1, an x-axis

and a y-axis are substantially perpendicular to each other.

[0019]

The liquid crystal display panel 30 corresponds to a

normally white mode TN type, and the liquid crystal display

panel 30 is combined with a baclclight assembly. The liquid

crystal display panel 30 includes a liquid crystal display

panel body 31, a lower polarization plate 32 and an upper

polarization plate 33.

[0020]
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The lower polarization plate 32 has a polarization axis

34 that is substantially parallel with the x-axis, and the

upper polarization plate 33 has a polarization axis 35 that

is substantially parallel with the y-axis. The liquid

crystal display panel body 31 includes a first transparent

substrate 40, a second transparent substrate 50 facing the

first transparent substrate 40, a sealing member 60 having a

frame shape and disposed between the first and second

substrates 40 and 50 to surround display region 30a, and a

liquid crystal having spacers distributed therein.

[0021]

The first transparent substrate 40 includes a glass

substrate 41, a color filter layer 42 formed on the glass

substrate 41, a common electrode 43 including indium tin

oxide (ITO) and formed on the color filter layer 42, and an

alignment film formed on the common electrode 43. The

alignment film 44 is rubbed along the x-direction. The

rubbing direction is represented by numeral 45, The second

transparent substrate 50 includes a glass substrate 51, thin

film transistor (TFT), drain bus lines, gate bus lines,

pixel electrode, and an alignment film 52. Hereinafter,

^TFT 51' represents all of the TFT, the drain bus lines, the

gate bus lines, and the pixel electrodes. Reference numeral

53 represents rubbing direction of the alignment film 52

.

The rubbing direction of the alignment film 52 is
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substantially parallel with the y-axis. The alignment films

44 and 52, for example include polyimide based resin of

NISSAN CHEMICAL INDUSTRIES. LTD.

[0022]

The sealing member 60 is disposed between the first and

second substrates 40 and 50. The sealing member 60 is

attached to both of the first and second substrates 40 and

50 to combine the first and second substrates 40 and 50.

The sealing member 60 defines a flat space 61 between the

first and second substrates 40 and 50.

[0023]

The liquid crystal 70 including particle shaped spacers

distributed therein is disposed in the flat space 61. The

liquid crystal 70 including particle shaped spacers

distributed therein includes liquid crystal 71 (product No.

ZLI~4792 of Merch. Ltd.), and spacers 72 including acryl

based resin of HAYAKAWA RUBBER CO. LTD., by 0.1 weight

percent. The spacers 72 are uniformly distributed in the

liquid crystal 70. The spacers 72 are not attached to the

first and second transparent substrates 40 and 50.

[0024]

Hereinafter, a process of manufacturing the liquid

crystal display panel body 31 through a liquid crystal

dropping process will be explained, referring the Figs. 3

and 4

.
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[1] First, a process 80 of forming liquid crystal

including particle shaped spacers distributed therein is

performed. During the process 80, a dispenser 92 including

a heater 90, a supersonic stirring device 91 and an electric

control valve (not shown) is used. The liquid crystal 71

(product No. ZLI-4792 of Merch. Ltd.) is mixed with spacers

72 including acryl based resin of HAYAKAWA RUBBER CO. LTD.,

by 0.1 weight percent in the dispenser 92. An NX point of

the liquid crystal 71 is about 71**C.

[0025]

The NI point corresponds to a temperature at which

liquid crystal suffers a phase transition from nematic state

to an isotropic state. When the liquid crystal is changed

from the nematic state to the isotropic state, viscosity of

liquid crystal is drastically lowered. Additionally, acryl

based resin has no hydrophilics such as 0H-, etc., so that

acryl based resin is a lower polarity than that of

polyacetic acid vinyl based resin or polyvinyl alcohol based

resin. Therefore, a cohesive force of the spacers including

acryl based resin is weaker than a cohesive force of the

spacers including polyacetic acid vinyl based resin or

polyvinyl alcohol based resin. As a result, the spacers

including acryl based resin may be uniformly distributed.

[0026]

Then, liquid crystal 71 mixed with spacers 72 is heated.
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for example at a temperature of about 100 ""C by the heater 90,

while the supersonic stirring device 91 stirs the liquid

crystal including particle shaped spacers distributed

therein for about one hour to form liquid crystal 93

including particle shaped spacers distributed therein. Even

when the supersonic stirring device 91 stops stirring, the

heater 90 heats the liquid crystal 93 including particle

shaped spacers distributed therein to maintain a temperature

Tlc of the liquid crystal 93 including particle shaped

spacers distributed therein to be about 100°C.

[0027]

The liquid crystal 71 has a relatively low viscosity

and stirred/ and the spacers 72 seldom cohere with each

other, so that particle shaped spacers 72 are uniformly

distributed in the liquid crystal 71 to form the liquid

crystal 93 including particle shaped spacers distributed

therein.

[2] Then, a dropping process 81 of the liquid crystal

93 including particle shaped spacers distributed therein is

performed.

[0028]

The first transparent substrate 40 having rectangular

frame shaped sealing member 95 formed thereon is disposed on

a hot plate 96a in a heating chamber 96, so that the first

transparent substrate 40 is heated at a temperatuire Ts that
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is higher than NI point of liquid crystal 71. For example/

the first transparent substrate 40 is heated to be about

100**C.

[0029]

By using the dispenser 92, a proper amount of the

liquid crystal 93 including particle shaped spacers

distributed therein is dropped onto the display region 30a

of the first transparent substrate 40 that is heated by

multiple point. The proper amount is calculated by a inner

size defined by the sealing member 95 x an objective

thickness of cell x density of liquid crystal. Points where

the liquid crystal 93 including particle shaped spacers

distributed therein is dropped are determined such that the

liquid crystal that spreads even to the corner portion of

the display region 30a, and liquid crystal that spreads as a

concentric circles does not interfere with each other.

[0030]

Hereinafter, elti effect of heating the first transparent

substrate 40 to be the temperature Tg (for example, 100°C)

that is higher than the NI point will be explained.

Water vapor absorbed by the alignment film 44 is

evaporated, so that the alignment film 44 is in a dry state.

Therefore, no water vapor is accumulated at a region of the

alignment film 44, where the liquid crystal is dropped, so

that blotches caused by the water vapor is prevented.
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[0031]

Even when, the liquid crystal 93 including particle

shaped spacers distributed therein is dropped on the first

transparent substrate 40, the liquid crystal 93 including

particle shaped spacers distributed therein is maintained to

have a temperature that is higher than the NI point of the

liquid crystal 11, and viscosity is maintained to be lower

than that of the liquid crystal 71. As a result, a surface

angle al of liquid crystal droplet 97 dropped on the

alignment film 44 of the first transparent substrate 40 that

is heated is in a range of about 8° to about 9*". However, a

surface angle a2 of liquid crystal droplet 97 dropped on the

alignment film 44 of the first transparent substrate 40 that

is maintained at a room temperature is in a range of about

18** to about 20**. The above explained result shows that

when the first transparent substrate 40 is heated, the

liquid crystal droplet may be easily spread.

[0032]

A process 82 of spreading liquid crystal 93

including particle shaped spacers distributed therein is

performed. The first transparent substrate 40 that is

heated and supported by the hot plate 96a is tilted like

seesaw while applying supersonic thereto.

[0033]

When the first transparent substrate 40 having the
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liquid crystal droplet 97 dropped thereon is tilted and

receives supersonic, a surface tension of the liquid crystal

droplet 97 is broken. Additionally, a surface tension of

the liquid crystal droplet 97 is more easily broken, because

the liquid crystal droplet 97 is maintained at a temperature

that is higher than the NI point and a viscosity of the

liquid crystal droplet 97 is lowered. When the surface

tension of the liquid crystal droplet 97 is broken, the

liquid crystal 93 including particle shaped spacers

distributed therein spreads easily throughout the display

region 30a to form a thin film 98 of the liquid crystal 93

including particle shaped spacers distributed therein.

[0034]

When the surface tension of the liquid crystal droplet

97 is broken, the liquid crystal 93 of the liquid crystal

droplet 97 spreads without changing distribution state of

the particle shaped spacers 72. As a result, the particle

shaped spacers 72 is distributed throughout the thin film 98.

[0035]

When the liquid crystal 93 including particle shaped

spacers distributed therein is spreads by a spinner that

rotate, the spacers having a higher specific gravity than

that of the liquid crystal is accumulated at a edge portion

of the sealing member 95 due to the centrifugal force.

Therefore, spreading the liquid crystal 93 including
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particle shaped spacers distributed therein by a spinner is

not preferable. (4) A cooling process 83 is performed. The

first transparent substrate 40 having the thin film 98 of

the liquid crystal 93 including particle shaped spacers

distributed therein and the thin film 98 are cooled down to

a room temperature of about 20**C.

[0036]

According to a result of experiment, even when the thin

film 98 of liquid crystal is copied down to a room

temperature, an interface of the thin film 98 was not

recessed and the thin film 98 was maintained.

[0037]

Reference numeral 99 represents a thin film of liquid

crystal having particle shaped spacers distributed therein.

In order to prevent evaporation of ingredient of the liquid

crystal during assembling process that is to be explained,

the thin film 98 is cooled down to a room temperature.

[0038]

(5) A rough aligning process 84 of a substrate is

performed. The first transparent substrate 40 that is

cooled down to a room temperature is disposed in a vacuum

chamber 100 having atmospheric pressure. The first

transparent substrate 40 is fixed by a pin (not shown) , and

the second transparent substrate 50 supported by the spacer

plate 101 is disposed over the first transparent substrate
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40, and roughly aligned.

[0039]

(6) Assembling process 85 is performed. The vacuum

chamber 100 is exhausted to be in a vacuum state, and the

spacer plate 101 is separated from the second transparent

substrate 50, so that the second transparent substrate 50 is

combined with the first transparent substrate 40.

(7) A gap forming process 86 is performed.

[0040]

When a pressure of the vacuum chamber 100 is changed

from vacuum to an atmospheric pressure, a gap is formed

between the first and second transparent substrates 40 and

50. (8) An accurate aligning process 87 is performed. As

shown in FIG. 6, a deviation between an overlay mark 103 of

the second transparent substrate 50 and an overlay mark 104

of the first transparent substrate 40 is obtained, and then

a distance between the first and second transparent

substrates 40 and 50 are calculated by the deviation between

the overlay marks 103 and 104. By using alignment apparatus

(not shown) , the second transparent substrate 50 is moved

such that pixel electrode 105 is reconciled with the color

filter 106 as shown in FIG. 7(A).

[0041]

When point PI is reconciled with point P2, the second

transparent substrate 50 is not moved directly from the
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point PI to the point P2, but the second transparent

substrate 50 is moved from the point PI to the point P2 by

way of point P3 as shown in Fig. 7(B).

[0042]

(8) Ultraviolet (UV) light irradiating process 88 is

performed. An UV filter masks the display region 30a, and

UV light is irradiated onto the display region 30a having

the UV filter disposed thereon by an intensity of about

7000mj/cm^. As a result, the sealing member 60 is cured.

[0043]

And then, a scribing brea]c process, and a chamfering

process are optionally performed. Additionally, other

processes are performed to form the liquid crystal display

panel 30. Hereinafter, merits or characteristics of the

liquid crystal display panel formed through above mentioned

processes and merits or characteristics of above mentioned

process will be explained

.

[0044]

The particle shaped spacers 72 are not attached to

both the first and second transparent substrates 40 and 50.

As a result, the spacers 72 can roll along a direction of

arrow, during the accurate aligning process 87. Therefore,

the alignment film 44 suffers not scratch 53 but rolling

damage 107. The rolling damage 107 having U-shaped cross-

section is more shallow than the scratch having V-shaped
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cross-section, so that the rolling damage 107 is less

harmful than the scratch. Additionally, no portion of the

alignment films 44 and 53 is separated from the first and

second transparent substrates 40 and 50. As a result, not

dark stripe is displayed.

[0045]

As shown in Fig. 7(B), the second transparent

substrate 50 is moved along a rubbing direction 44 of the

alignment film 44 in a first step, and moved along a rubbing

direction 54 of the alignment film 53 in a second step. As

shown in Fig. 8(A), the rolling damage 107a caused by the

fist step is extended along a direction that is

substantially perpendicular to the polarization axis 34 of

the lower polarization plate 32. Therefore, an amount of

light that passes through the rolling damage 107a is

minimized. Additionally, as shown in Fig. 8(B), the rolling

damage 107b caused by the second step is extended along a

direction that is substantially perpendicular to the

polarization axis 35 of the upper polarization plate 33.

Therefore, an amount of light that passes through the

rolling damage 107b is minimized. As a result, the liquid

crystal display panel 30 displays no dark stripe when the

liquid crystal display panel 30 is turned off. Therefore, a

display quality of the liquid crystal display panel 30 is

enhanced.
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[0046]

The liquid crystal 93 including particle shaped

spacers distributed therein is heated at a temperature of

about 100^'C^ and then the liquid crystal 93 including

particle shaped spacers distributed therein is dropped onto

the alignment film 44 that is fully dried. Therefore, no

water vapor is accumulated to a region where the liquid

crystal 30 is dropped. In Fig. 2, reference numeral 110

represents a region where the liquid crystal 30 is dropped,

and reference numeral 111 represents region where the. liquid

crystal 30 arrives by spreading. The region 110 has no

water vapor, so that pretilt angle 91 of the region 110 is

substantially same as that of the region 111.

[0047]

Therefore, the pretilt angle is uniform throughout the

.display region 30a, so that no blotch is displayed on the

liquid crystal display panel 30.

The particle shaped spacers 72. is not attached to

both of the first and second transparent substrates 40 and

50. Therefore, damages caused by attaching of the spacers

are prevented.

[0048]

No treatment is performed to the second transparent

substrate 50. Therefore, a possibility of damage of the

second transparent 50 is reduced to enhance productivity.
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[0049]

Alternatively, the sealing member 95 may be formed on

the second transparent substrate 50, and the liquid crystal

may be dropped onto the second transparent substrate 50.

Additionally, the vacuum chamber 100 may be in a reduced

pressure state, not be in a vacuum state. The present

invention may be applied to not only the normally white mode

TN type liquid crystal display panel. A damaqe of the

alignment film in the normally white mode TN type liquid

crystal display panel induces a luminescent spot. Therefore,

according to the normally white mode TN type liquid crystal

display panel manufactured by the method of the present

invention displays no luminescent line.

[0050]

[Effects of the invention]

As described above, according to the invention in claim

1, the particle shaped spacers distributed in the flat space

between the first and second transparent substrate are not

attached to both of the first and second transparent

substrate, so that the particle shaped spacers may roll

during the aligning process. Therefore, the alignment film

may be suffer not scratch but rolling damage, so that

damages are reduced. Additionally, the spacers surface

includes a material having a lower polarity than a

hydrophilic resin such as polyacetic acid vinyl based resin
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or polyvinyl alcohol based resin. As a result, the spacers

may be uniformly spreads throughout the display region to

enhance display quality.

[0051]

According to the invention in claim 2, the liquid

crystal is heated at a temperature higher than the NX point

and stirred to form liquid crystal including particle shaped

spacers distributed therein, and the liquid crystal

including particle shaped spacers distributed therein is

dropped onto the first transparent substrate. As a result,

viscosity of the liquid crystal is lowered and the spacers

are uniformly distributed on the first transparent substrate.

Therefore, cell gap may be maintained uniformly. The

spacers are not attached to the first transparent substrate,

so that the spacers can roll during aligning process. As a

result, the alignment film suffers not scratch but rolling

damages. The rolling damage is minor in comparison with the

scratch, so that a display quality of the liquid crystal

display panel is enhanced.

[0052]

According to the invention in claim 3, the first

transparent substrate where the liquid crystal including

particle shaped spacers distributed therein is heated to

eliminate water vapor of alignment film of the first

transparent substrate. As a result, blotches caused by
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water vapor is prevented.

[0053]

The first transparent substrate is heated, so that a

temperature of the liquid crystal dropped onto the first

transparent substrate is not dropped abruptly. As a result,

a viscosity of the liquid crystal is still low. Therefore,

particle shaped spacers are uniformly distributed on the

first transparent substrate. According to the invention in

claim 4, the first transparent substrate is heated at a

temperature higher than NI point of the liquid crystal, so

that more enhanced effect may be obtained

-

[0054]

According to the invention in claim 5, the first

transparent substrate having liquid crystal dropped thereon

is tilted like seesaw and supersonic is applied to the

liquid crystal, so that spacers in the liquid crystal is

uniformly distributed to maintain cell gap uniformly to

enhance display quality. According to the invention in claim

6, when the first and second transparent substrates are

aligned with each other, the second transparent substrate is

moved along a rubbing direction, so that rolling damage is

formed along the rubbing direction or a direction that is

substantially perpendicular to a polarization axis to

minimize display defects.

[0055]
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According to the invention in claim 1, before aligning

the second transparent substrate under a lowered pressure,

the liquid crystal including particle shaped spacers

distributed therein is cooled down to a room temperature to

prevent evaporation of an ingredient of liquid crystal,

which may occur during aligning process that is performed

under a low pressure. As a result, the liquid crystal

including particle shaped spacers distributed therein is not

damaged.

[0056]

According to the invention in claim 8, the liquid

crystal including particle shaped spacers distributed

therein is dropped onto the first transparent substrate in a

heating chamber, and the second transparent substrate is

aligned with the first transparent substrate in a vacuum

chamber. When the liquid crystal dropping process and the

aligning process is performed in a same chamber, much time

is required to change a circumference of the chamber.

Therefore, efficiency or productivity is enhanced.

[Brief Description of the Drawings]

[Fig. 1]

Fig. 1 is an exploded perspective view illustrating a

liquid crystal display panel formed through a method of the

present invention

.

[Fig. 2]
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Fig. 2 is a cross-sectional view illustrating a uniform

pretilt angle of liquid crystal molecules of liquid crystal

of the liquid crystal display panel in Fig. 1.

[Fig, 3]

Fig. 3 is a schematic diagram illustrating a liquid

crystal dropping process according to a present invention

[Fig. 4]

Fig. 4 is a schematic diagram illustrating process of

manufacturing a liquid crystal display panel next to the

liquid crystal dropping process in Fig. 3.

[Fig. 5]

Fig. 5 is a schematic cross-sectional view illustrating

surface angles of dropped liquid crystal droplet.

[Fig. 6]

Fig. 6 is a cross-sectional view illustrating an

accurately aligning process.

[Fig. 7]

Fig. 7 is a schematic diagram illustrating the

accurately aligning process.

[Fig. 8]

Fig. 8 is a schematic diagram illustrating hardness of

display defects caused by rolling damage.

[Fig. 9]

Fig. 9 is a schematic diagram illustrating a conventional

liquid crystal dropping method for manufacturing a liquid
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crystal display panel.

[Fig. 10]

Fig. 10 is a schematic cross-sectional view illustrating

an accurate aligning process.

[Fig. 11]

Fig. 11 is a schematic cross-sectional view showing an

effect of water vapor on a surface of an alignment film.

[Reference Numerals]

30: liquid crystal display panel

30a: display region

31: liquid crystal display panel body

32: lower polarization plate

33: upper polarization plate

34, 35: polarization axis

40: first transparent substrate

41, 51: glass substrate

42: color filter

43: common electrode

44, 52: alignment film

45, 53: rubbing direction

60: sealing member

61: flat space

70: liquid crystal having spacers having particle shape

and distributed therein

71: liquid crystal
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72: spacer including acryl based resin and having

particle shape

80: process of forming liquid crystal including

particle shaped spacers distributed therein

81: process of dropping liquid crystal including

particle shaped spacers distributed therein

82: process of spreading liquid crystal including

particle shaped spacers distributed therein

83: cooling process

84: process of roughly aligning substrates

85: assembling process

86: process of forming gap

87: process of accurately aligning substrates

88: process of irradiating ultraviolet light

90: heater

91: supersonic stirring device

92: dispenser

93: liquid crystal having a relatively low viscosity

and including spacers having a particle shape and uniformly

distributed therein

95: sealing member having a rectangular frame shape,

which is cured when ultraviolet light is irradiated thereto

96: heating chamber

96a: hot plate

97: liquid crystal droplet
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98: liquid crystal layer including spacers having .

particle shape and distributed therein

99: cooled liquid crystal including spacers having

particle shape and distributed therein

100: vacuum chamber

101: spacer plate

102: atmospheric pressure

103, 104: alignment mark

105: pixel electrode

106 : color filter

107, 107a, 107b: rolling damage

110: region where liquid crystal is dropped

111: region where liquid crystal is spread
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